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(54) SILICON WAFER FOR LAMINATING EPITAXIAL 
LAYER AND EPITAXIAL WAFER 

(57) Abstract 

PROBLEM TO BE SOLVED: To form an epitaxial layer 
being a thin film on the surface of which trace of COP 
and LD are almost not generated when it is formed and 
whose electrical characteristics are improved and the 
production yield is high. 

SOLUTION: A silicon wafer is used for laminating an 
epitaxial layer of a thin film. In the silicon wafer, 
the number of particles and the number of interstitial 
dislocations due to crystallization are controlled to be 
0 to 10 per wafer, respectively. The silicon wafer has 
an electrical resistance of s0.02 Qcm, and an epitaxial 
thin layer being a thin film having an electrical 
resistance of s 0.1 ncm is formed on the wafer by a 
reduced pressure CVD method. The thickness of the 
epitaxial thin layer is preferably 0.5 to 5 ^m. 
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(57) [BttJ ' 

[ HIS ] »JS<Dx b* £ * > + ;W1 * 1/ /c <L # CC C 
<0x fcT * * $/ + JMMffltC COP ©JKBfrfe 

^^ac/flt^Ktt^n^n-? x-^^o 0-101 

2Q cmtrF*CS>oT, CCD^x-^±CC«JECVD& 
r JSCi*^ 0 . lQc mfitioapfflio Xt'^^t ;UJ1 

fc-**^ + ;UJI<DJ?3#0. 5~5 iuni-C^^Ci^Jf 




(v/g), a* 



(V/G) 2 



1 

[itjjai 2 ] mm. i ia*g©-> y a > ? x -^©st* 

*#0. O 2Q cmaTT*^t, fTSBJ/ 'J a > -5 * - 

±©»g©x b * * f + ->U)l*iJi5tSS Mi b * * -p 10 

[ft!>fc>f3] {gK©xb**^ + A<JI©J?;*#0. 5 
~ 5' u m-C2f>Zm$&& 2 fB*8©x b£ JU? x - 

[000 1 ] 

ffi («T..CZ&£l>5. ) KitJff^fc, «Jg©x 
b £ * 5^ -c ;WB *mm-f £ /c»© y n > * - > \Rc>* 

[0002] 

#-•7 I Cic&mztixttc. .xb^+f + .a^x-^ 
"C«. *«£fc£^y:3>^x^±{cffi§:©JgJ5Rc>- 

mm<Dm&&is y a >©x b # * + ;m * 
^jw-sci jets. »ajKh7^^»*ii^-rs 

CiOTtS. *teAV!ii-7lCC.Mt*5pn« -30 
J:9fi±LTWttf^bTr*;fciO*C. »18©Xb**-> + 

;Wi©/?££®;frW<t-£c<t#*i&6ftri,>£. 

[000 3] C©g#fc:ifc;tSfci50K:xb£* 

gifti^'Ja^-Jx-^IK, ISAtCigHlsfc'* 
— f--/ (Crystal Originated Particle. fclT. C 
OPilO. ) ■$>. {gAMISffi (interstitial-type La 
rge Dislocation Loop, HIT, LD£C>5. ) ifi&tet 40 

hbs^d*. ccccoPKiiiM 

©'>'j3>fx wNSrTV-t-T <!: ja&{b?kJI©il^i8 
•C^-rSt. 'Ji-^IKt'; H*iJf5fi£S4a. C© 
4^Jl/#9>#Tfl!l£rS&. bv h 
4>*^©^*-^ i'./Ui <b fetCA-?- -r 9)\>t OTtfctH 
^nS^StCliHo/c^PS-C**. £/cLD«. dSJi© 

0 , g4t<»«C©^|SS*^D/c-> y a > -i; * ? & 

r -siiwx yjgtcsig-r s 1 b * r * 
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[0 00 4] BR^. mm±ti:2>!s>) n>9x-^aMK: 
COP*l#^E-rSi. C©^x-/>©^ffl©^*(Kt> 

-c. xf$+->+jniaM«:fccop©jgsi;*^n-2). 

i. C©^x^±Kxb2*S^;WI:&}g)iK-f 
{Cxb-^Ojjn^KJriD. xfdr*i/ + ;U@©T©^ x- 
^ (*«) (Cte^r. LDifroTI^EfbU t©LD 

[o o o 5 ] xb^+^-wwiaimjcc op ©«&•?>. 

L D am&it-T C ft 6®iN*9t;&ta(tttt 
tt. W^.tfK{t®©S^««!RFtt (Time Dependent 
dielectric Breakdown, TDDB) . MkSWEE^ 
(Time Zero Dielectric Breakdown. TZDB) 
{ b3 &ZmB SfcCOP ©fflEBfr&tf L D #x b 
£ * is -r ^@*®(C#ifiE-r § 1 ?'* ^©IBi^XgiC*$ 
OT&M*£D. C©S«tt»f«©JRH&fcr»T. SSd d d 

tc r affix f £ * -p * ? ^ -^*s j; o--e©s^^ 

ScJ ,«C«T*Wlta«lll*ff -afc C^fPB^FI 0-2 09 0 
5 6. mi 0-209 05 7) . BP^. *tHMA6«. 
^la^l 0-2090 56^^CJ:0. COPSgS[*i 
lxlO ! f/cm J OTt*-3t. L*^-?-©^MtCC 
O P *SSSE 1/%C»#>. XBi!>i&^IStTS41- &¥IS A 
y 3 c z ffi-c^K L . c ©S«Jhfci&EET-e 

^^©WKxf^+^i-^^x-^^ffillOfc., ^fc 
«FPa^l.0-2090 57^$g{Cj:9. pS»*i 
iSiSS«C F-^Sft. LiiPWOSWCCOP^ffffiO 

x«d>^^{i^-c#a-r <5«e y a >*« 

* C zm-cmk L> . C ©S«LL«:-«jEET-C/¥ 3 4 . 0 m 
m*i©it^^i/t ;l/JB ^JK^-r ^ -J&RV* ©»M 

n«. m«Jlffl Min©xf$*->+JHl©^J?S-C. 
B^^^'i'x-^^O. 1 3 nmy±OCOP©M5 

[0 00 6] 

[»gw«j!WfeL/«fc stromal u^u. ±ib2o©^ 

Si*>. S«i^£S->y3>'5x->'N*CZj£-C0. 4 
mm/^gS©J:b©e t )ffi^3ia[-C?l±Wc^ 'J a >#*S 

OPC^^flP^Jt? #S4>©©. LD^Otl/S 

c >. iw+vt L D #lSte{b-r S i c> 5 ± 
IBrigSI*i*fi?9i-C*o/c„ ^^©BW«, »M©xf 
£ * + frmZBlS, L tc i # C ©x f ^ + is + ;l^Jia 
ffi(CCOP©SE5FfcLD4)?&<i;^DSif%l,\ ifH 

oSSi itB#©^S ij ^ ^ * t » WS©x b $ 4 is -f JL<@ 



(3) 

3 

*. 

[0007] 

-^•c*o'r. t&ikt l C&!RLtc'-<-7- -t ZtV (COP) 
&tf«AMIS<& (LD) *i-en^n^i-^»3 0~l 
o ffl v$> £ c t *<&m it5xt$+i'+ ;u@SJlffl f 

'JrO^x-^T**. COP^LDWn-eh^x- 

o~ i ora-e<&s->y3>9x-->''>r*£;fc«>. 

WS©xb , $+'>t-'HS©^5*^SS' c ^'^^v C©x 10 
f # -p ;i/@©«fficc{iC O P ©SBtoix? <S0f, 
fr-z>LDb±<m&itLr£l<K COPMLDO^*- 
^•5CD<iiS!«iESl 2-O^WT©^*-^-C©<l^[ 

[0008] m?m2 Ktozmmtt. mm i ccietss 

ftfc2/y3>?x-^©ffia^;&$0. 0 2Qcmt(Tt 

OTF, CVDil»5. > *feraj»E**i0. lQcm« 
±©»J&© x tr * * s/ ■* ;i/H*J0jsSS tifc x e # + v +■ 
^x-^-cifc.s,, MEECVDffirxts+i'ioi'j&g 20 

©tf- K H — f> * *JWWT? * i . I^B#iC<gStn[©'> U 

3 > 1 w-v(cjstsit©x e*.* ^ + jwi*j&k L-cfis 

iS{3 ttfcx tf* + x-^B. h 7 

* *f^-T 4 C * , b fri> X f # * Is f )im<D$k 

ffifccopcjgsj^LD^t'ncc^cjf). t©xtr#* 

©*f*S 9. . 30 
[0 0 0 9 ] mimaicmzzmit. 2 % 

5 /im"C*£xt*ir3 1 i/ + ;l^x — ^r*-5„ ttffiife 
Ji/>;3>'J I -;Nai©COP J f>LDK«fcSl^ 
1x©ffiT&£ DSC »j®©xt**ixr;Wi£ 

•i; x <=> (- 7 > $ ^rfPSi b fcig^tt . . h 5 > ^ 
[0010] 40 

[^©l^6©^SS] *^©IlOii;f+->t;H 

rV^-^rt©^ 3>IJr£#>6^>3-? h*!Ka> 
3 7 (Voronkov) ©g&fcS^t>/d?r5£©3I.Ltf ilK?* 

xv?m$tiz>. -t&mic czmuzj:*)*? vv-i^m 
rt©-> y 3 ymm& y 3 >#*§&© -< > =r r 1 

j&XPS (point defect) i.*^PS©S^(* (agqloraerat 
es : SKjc^Pfi ) -5 . &£NI »2?L5!L£*fiS t 50 
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terras im&tmm')— ^(o-tmtmwfi&z. 
&m&,x.mz—-ov>i' y 3 ^jjK^f y 3 >*£n&^- 

[001 1 1 *^HS«-jKfifj{c^y3>Bij« (jfms^y 

3>) i^>3"y r (S«'>y3» ©R8©JgB4ffi-CfiJ 

«C <fc •^•CSMffiT* o I±tf £ &.*> (C^iP LPS 

&i>. &&©M. 'ffiflffl^BXISB^FWS iS.^RI 
tefctfcfc <fc ^) S^tc^LT. S?lMj^fiB©ig^f* 
(vacancy aqql one rates) XlilS^H S i SL'&XBS©® 
M# (interstitial aqqlomerates) A s J^fiE$tl-2>. M 

OP©te(C, LSTD (Laser ScatteringTomoqraph De 
fects) XBFPD (Flow Pattern Defects) £V$&i1 

LDteZOXMZSts. FPDitt, <>3-^h*X-7 
-{ 7. OTfPSSflfci' 'J 3 >>i; x 3 0 ^-fe3 
(Secco) x-,?->^f£^t^x^>^Lfc£#fC^ 
n5#S^7U-^-^->^M-r-2>JSSl:©®-C*»3. L 
STDiB. ^ya>*ISart«:sl5>MSl*JIM#0fci* 

[0012] sKa>37©S^tt; ^B©«36»il>ftt»W 

tfitS^rV (mm/^) . *^ h »/->«3tr-/ >3* »^ 
h-£/»J_=i>]IBR©«j!*ffi©afl[«lE*G CC/mm) 
i-rSi^tC, V/G (mm'/^'t) *ft)J®-T-5.C 
ir*-S„ CCSp^r-Cl*. HI 1 {t7jV3"<fc ^ iC, V/G« 

Htsci u-c^?Liiefs^ts^ra s i ms.^m^m^mm 

V/Gtb*SEI^.^±-r«2g?LS!."^RS*^geW(c#«E 
T^-f>3- y hAJ^fiSSnSJSB. V/GJt*iBS^*« 
T-Cl*tS^ S i m&KMifi^tftKmEt %>4ls-dv 
r*SJgfiS3nS. 

[0013] *ftW<Dffin<D 1 5\±im&7V 7 r -Ob 

it. -i^^vv v v v-yfrftozs y 3 >sati*> 

(V/G) *itS^ras i 9j£ftK©SyRtt©ft£&!$± 
^•SmiES^tk ((V/G),) «±-C*o-C. ^?LH* 

^pg©aa*»*-f^3-v h s^?Ls.^ffi*s 

3Se& ! J«:??«E-rS^rt«c$iM-rs^26g^l:b ((V/ 
G), ) UiT«:iltJ#3ns<l: ^tc^&e,ti5. 

[0014] c<om±.tfmm<D7a7 7 jMt. mmm 
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•fc, c©i&£«, ^5*U-i^3>©f^ -Y>3*-?h© 

ffc&fa* -7 ^ x&tfx -5 -r x 3 n/t-? x - -"©ssbstIt 

•s, s * u- > a >©fcst>cc jfiutas©? i±if 
3TS©«Ba-c^ii)e>n» «^<i©sm-r>rf^ htfisft 

E2(C7Kr<£5K: v *>5 xU—> 3 >©/<:«>© 
?l±tfjIS7'a7r -OWil. 2 mm/#©J: 5 SriSt,* 
3l±tfSg (a) #>6 0. 5mm/#©ffi(,>?LhtfjIg 

(c) &oq?iyn«c>?i±tfigg (d) tcsagsti*. ±ie 10 

ffiHSLBf ilKBO . 4mm/»X«^nJaT-C*^ G 
- ife*r>TfeJ:< > SLBfiig (b) ]&V (d) f©^t 

[0015] #t&^tjg^si±tf 6ftm$Mi©ssi-/ 
G#*i&:£iaj©x 5 -r x. ^x-^©siii2S.tJ i: '>5 

^3>©^©tlWM^69i5£$n. ttlr»-C*9Q:?l 

itfaas^p^ t -oi-jw&tsti. ^07? rout? 

jUBStS© > 3* v h ©itS, G&fl <* ftS tt£<D* » h 20 
[0016] 3l±tfj$&£&*«cffiT3-t±rV/G£;S 

^tcffiTs-ttfci*©^ v<o8imm*m^xfr 
[v] . terras i ajS^awaEWKSftrsiw**- 

*P§©8*<*##&L&i,^--:7 * * KMUS* 1 [ P ] t 

aE-rsfflJUte^i?. fiSP,.«&HP,Ktk^rtti*(c/h 
p, t*«¥m s i M.*%m&3tm#)tc&frr s y > vm. 

tpOklc&\MgX!&i>rj:< . m&ftlC fe*MS iSL*X 
[00 17] E3*>6g36#>Sr«fc5«:. fiSPxtC^Jc 
«FT*^*#tf. {agP.KttlSLfc^xWNW.B. 40 

x-aw,b.*&^bs i sM^B^isaiKapaEr* 
y > ^aofWio^ - ^ * 9- v mmz&t*. $ fc&a p 

u «»»Jc«mBs i Steffi <>ttt>©-c^r^- v 

[0018] C©^7LS!^^aSI*«3aBa«JK:a:?SE^4«« 
-7x? h^-CiJ. 'Js-AlflTCOPtLDti 50 
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x-^©^S© l/2tti5fCOS F V 1/ 
CC-COSFiB. mtmt&%mX$& (Oxidation Indu 
ced Stacking Fault) ©BSigt?*^, *&§lJ&gB$K:^-© 

a * zm&-? z f%<DMi£zmm<D®m®.x? *> * - a©#; 

WitfcrffiSRSfflStT. 1 0 0 0 "C ± 3 0 'COM-C 2 ~ 
S^M^jaau^ 1 1 3 0 "Ci 3 0 'C<OUS.X 1 

~ i Gftffltmm-rzct&mtf e>ns„ c©osf y 
cop#ttjjR?&fgffl*s&s. cntcstu-r, $x-a 

W, "OBO S F B y >^(C^c6f (C. 9 x -^©iftiO 

swe©#»r.6. 

cooi9] wmrcsv^h^a^*-^. 

•5. - c©~> y a >s * -aw, B> H 5 (cmtJ; 5 {co 
SFa*y>^tfcTtt<. ^gpfc©^si^b^€.J;^«: 
jS5£L.r£»iJ«>6nfc? MS 7 - P 7 t -c ;u-csxs L- /c 

ia-c*s. c©^ !/ 3 > i - aw, Ttjo s f *i y > 

i^K*^UfeC>fcA. COP7'J-r*i. SfcLD 
©^^4>fel>. $fc->'J 3>^x-aW j «. i7K^ 

t«t7K*tA-7xi' yms&i'PZjz'iicMjg.L'afr 

«> 6 nfc? n 7 r -Y Ltc 4 > =f » i- 

j&x^-rxL.-r^sa^ns. ia8tt*fl!>spffiia-c**.- 

C©i^y 3>^x-AW,iC-r?l,i-C^, COP7'j-t 
&tK-LD©8^ib&t>. 

[0020] CC-C, COP7'J-itt0. 12/Ltml^ 
±©COP©^^M^C0{l-C*SC<!:4C^„ & 
fc. COP©1f-/XB. A'-f-^ ^jb^^>^©tygy 

*Mfflm!<c*s<.> : k r 0 . 12iim©COPj i«. Si 
A*fM©KLA-T e n c o r ttSS© SFS6200-> 
y-X, ADEttK©CR8 OJ/'J-XXBBfiS^l 
>t;^T y >^tht{©L S 60 00->'J -X©^^--^ 
•/i'JW7>i'T0; 12iim©I^tCOP!&l,> 

[0021] ±iB^^F-c?i±tfe.nfc-f>3-^ 

W X L-CftWiZ tltc Is y 3 > ^ x W 2 X«W, ©^ffl 
ccb. ~> y 3 >©x f^+i/ -p n/j&gsci: S x f 5f * 

+ ^a©^stx. ssix. 8a©®«3. ®^ 
©^-f^«aBia«©s»sair©«^i*6. cvds 

*i»ffl3nS. CVDStc < t5i'Ua>©it$+-> + 
J^g«, WjltfS iCl„ SiHCl,; SiH.C 
l a . S i H,tj:t'<Di<")^l'%&tsmmttZ.>kH l tJA 

ii.tccs^rttcz^Ao-c. ±te->y3>H7x-AW 
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oiwt^t ;uji^cD^-h F^fcr>y*«rcwr*5 

t£*>6, iliJICVD (10-15Torr) L 
[0 0 2 2] ib^ti/tJ^x-^ -MSfe^* 

®<t ^ & 'J 3 >^ * - AW a XttW, <!: U t tt 4 

#0.. 0 2QcmHT/»J!KB0. 01-0. 0 2 

Q c m, ECCfiF* KB0/015QC m«T<E>ffiJ6!/i 

«R*#5Qcm6U:, #*b<ttlOQcm 

<0»^; F-/OhiltB <#o>) #3 x 10 l, a 20 
t oms/cm i feLhCDigg-C, *fcnffl©*§^ F— 
;0>4ltSb ( T #1 x 1 0 18 a torn 

[0 0 2 3 ] *»9B©itfdr*5/^^JlO/»3*0.' 5 
[0024] 

±tffc. C<D<fct F-;>"> h<turB 0Ko» 
10"atoms/cm 3 OMtF-7'l/c 0 C<Z». 

0. 0 2 Q c mriS*s 8 V > ^02/ 3 > «> * 
ffiSl/c. C(Di/yn>»)x^(DWcW^0. 0 
9Mm«±<D1f^X<DiXB5 (C-OPt^t?. ) *U-1f 
A-f^J^»)>^(KLA-Tencorm S 
FS620 0) *ffl^r*gS^/c 0 ^(DiJSHI, £x-^ 
^0 1 0fgt8^$n/c e . 

[0 025] CCDZs'J n>^x-^CD^ffitcMHCVD 
S(80Torr) <b It S i H a C 50 
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m/ft<Dfk&X. H?3miiTg5i$5Qcm(Dxt^ 

©if + ^©SUS&CteW&O. 0 9 m m 

tLbCDIf^XcO^RS (COPaffLD*^. ) *±E 

^<D*§J?^ 0. 0 9/zmaiO. 13/im*«r«ftHi 
*ttr*0. 0. 13MmfiLhW«*-^0 3fl« 

[0 02 6] <mkM2>m3fo7*{sl£&MP 3 tCtt1& 
a>) * 1 x l 0 19 a t oms/cm^iSgrF^ 

0 9MmH±©lMX<©&lB (COPStfLDt* 
[0 02 7] <Jt*^l>H3^Lfctt«P 4 CC»j£ 

■raw** h^stcfe/corw^-r^cfc^ccw 

±cfB$«:||iS0il<tl^aK:B (#p» *F-^Lfc. c 

xt"£+^ioi^* w^aKtetett£0. 0 9/im£<. 
±<dWx<D*C« <COPacfLD**to. ) £*&fe#i- 

*©*s*. awE4tt*^ya>^*-^macf*tr* 
so i o o^iii^$n/c e 

[0 02 8 ] 

*-^ffirtTCOP*>LDfe»<!f»^U«cl^y 
dr*5/ + ^JB*HCCCOPfcLD*>»<jrflfei;tt(#V Ctl 

[01] #o>37(Dl»*S^l^, V/GJtoWOT 
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^M±Vif<- f) > >- £S Od^h AWl&Z ft. V 
/GfoW^lf^fcTF-C tt-f > * - * * f + > ^ 

•7 h*i^sft5c<t*^-ria„ 

[03] *^(cJ:S^i-f >3y KD^-*>->-^ 

[04] S3©{agp,(c*ficrr^'>';=i>'5*-^w 1 
tco s f <j >^aiW3i-r£tftB£m-ri2. 

[0i] 
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* [05] #&HJJ©*:£KOSF#l/>nKr&< . i*M> 

§iuc©*sn£{fc-rs «fc ^(cjasut:?i±tf e>nfc03 © 

x-^W,©Bi9J0. 

[06] 0 3©^l)3>^*-->"W,©ctM>gflK:OSF 

aJtHgtrstftR£7n-r0. 

[ 0 7 ] #|»!©."< - * > 2/-H S <3 W > * -X 5=- 
^^;V@$i3*i??^EL/*l»03<D{agP J {C*fIt;-r-5-(' - 
>zi v b <DmmmRUU -VnW, ( 

*10 [0 8] -?-© 1 ?* — ^(DW-WMc 
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